A major source of plasma glutathione is now believed to have arisen from glutathione efflux in liver.1} Extracellular reduced glutathione (GSH) seems to be converted rapidly to glutathione disulfide (GSSG)prior to renal metabolism mediated by y-glutamyltransferase (y-GT) and cysteinylglycine dipeptidase.
2)
The activity of "GSH oxidase" responsible for aerobic oxidation of GSH has been recently suggested to be a catalytic property of renal y-GT.3) Such an enzyme has also been demonstrated in cow's milk4) where y-GT is present at relatively high levels.5) This investigation was undertaken to determine whether or not a highly purified preparation of GSHoxidase from bovine skim milk membranesactually shares y-GT activity. The GSHoxidase reaction was carried out at 37°C in aerated 0.1 m phosphate buffer (pH 7) containing 1 mM GSH as a substrate and 20mM serine-borate as an inhibitor of y-GT, and the activity was measured colorimetrically using 5,5'-dithiobis-2-nitrobenzoic acid6) or fluorometrically using o-phtalaldehyde,7) if necessary. L-yGlutamyl-p-nitroanilide, 3.5 mMin 0. 1 m Tris-HCl buffer (pH 8) , was used to assay y-GT. It was confirmed by sucrose gradient density centrifugation that GSHoxidase occurs in a membrane-bound state in the whey fraction after removal of rennin caseins. Skim milk membranes wereprepared from fresh cow's milk according to the procedure previously described.5) Both GSHoxidase and y-GT were solubilized by the treatment with papain from the membrane preparation without any considerable loss of activity.
The precipitates between 40% and 75% saturation with ammoniumsulfate were collected by centrifugation, and dialyzed overnight against the phosphate buffer. The dialyzate was passed through a Sephacryl S-200 column (1.5</> x 90 cm). Major peaks of GSH oxidase and y-GT activities overlapped each other;
implying that the apparent molecular weight of the papain-solubilized GSHoxidase is approximately 80,000
analogous to that of y-GT5) Active fractions were combined and concentrated by ultra filtration. The concentrate was applied to a Con A-Sepharose 4B column (0.1(j) x 13 cm), followed by linear gradient elution with amethyl-D-mannoside. The activity was desorbed from the column at more than 0.2m levels of the mannoside. In high affinity for concanavalin A, GSH oxidase had a close resemblance to y-GT. The results of enzyme purification are summarized in Table I . The final preparation was about 200-fold purified with a recovery of 13.7% from skim milk membranesas the starting material, and its homogeneity was ascertained by isoelectric focusing in 7.5% polyacrylamide gel. As shown in Fig. 1 , the GSH oxidase activity was found exclusively in a gel slice giving A variety ofy-GT preparations from bovine organs such as kidney, liver, small intestine and mammarygland have previously been verified to bear antigenic determinants of Table I . Purification of Glutathione Oxidase from Bovine Skim Milk Membranes A unit ofenzyme was expressed as /miol ofGSHoxidized per min in one ml under the assay conditions described in the text. Protein was estimated by the method of Lowryet al.,S) using humanserum albumin as a standard protein. identical reactivity.9) Therefore, the purified GSHoxidase and y-GT preparation can be examined on immunological identity, using rabbit antiserum raised against renal y-GT. Figure 2 shows the result of the quantitative immunoprecipitation experiment. The GSHoxidase activity remaining in the supernatant after centrifugation decreased with increasing amounts of the antiserum. Similar plots of residual activity against antiserum added were observed for GSHoxidase and y-GT. This finding provides evidence supporting the view of Tate and Orlando3) that the GSH oxidase activity is a partial function of y-GT.
It is noteworthy that neither y-glutamyl(ocarboxy)-phenylhydrazide nor serine-borate, both known to be specific inhibitors for y-GT, inhibit GSHoxidase, whereas glycylglycine and other y-glutamyl acceptors serve as seeming inhibitors of GSH oxidase.10) y-GT is highly responsive to modification with 2,3-butanedione in borate.1!) More recent observations in our laboratory12) indicate that one active arginyl residue proven to be located in the small subunit plays a crucial role in transfer ofy-glutamyl moiety to acceptor. When GSH oxidase was treated with 2,3-butanedione, the activity was left un- A rabbit weighing about 3.2kg was immunized with bovine renal y-GT in a simmilar manner previously described.9) A series of conical tubes containing GSH oxidase at a fixed level (0.03 units in 0.2ml) and the antiserum at varied levels, were incubated at 37°Cfor 1 hr, and then centrifuged at 3,000 rpm for 15 min. Each supernatant was analyzed for GSHoxidase (open circle) and y-GT activities (closed circle).
